The Objective of the Study. To evaluate and explain the consequences of different morphological abnormalities of anal sphincters including the sphincter damage and its extent using the 3-dimensional endosonography. Material and Methods. 56 patients suffering from fecal incontinence all were subjected to analysis of patient symptoms, scoring the severity of symptoms, digital examination, electromyography, and 3D endoanal ultrasonography. Results. 5 patients showed intact anal sphincters and puborectalis muscle. 4 patients found with thick IAS > 4 mm, 4 patients with thin IAS < 2 mm. 3 patients with thin EAS, 12 patients with IAS defects, 15 patients with EAS defects, 8 patients with combined IAS and EAS defects, 2 patients with puborectalis muscle defects and 3 patients with high levels transsphincteric perianal fistulas. Conclusion. No significant relationship was observed between sphincter damage except for combined internal and external sphincter injury and the severity score of FI symptoms. Puborectalis muscle injury and abnormal sphincter thickness are unlikely causes of severe FI.
Introduction
Anal continence recommends the integrity of all parts of anorectal region. When the rectum distends with fecal matter stretch receptors in its walls, send rectoanal inhibitory reflex which relax the internal anal sphincter (IAS) and contract the external anal sphincter (EAS). When the surroundings are suitable defecation proceeding with rising of intra-abdominal pressure, relaxation of the puborectalis muscle with subsequent increase of the anorectal angle and relaxation of external anal sphincter to get rid of fecal matter, but when the surroundings are unsuitable voluntary contraction of external anal sphincter and puborectalis muscle leads to inhibition of rectoanal inhibitory reflex, relaxation of rectal wall muscles and subsequent backward colonic peristalsis force the fecal matter to return back to the colon [1] .
Two-dimensional (2D) transrectal ultrasound (TRUS) was used to assess the presence of sphincter damage with high sensitivity and specificity [2, 3] .
Three-dimensional (3D) endoanal ultrasound helps to assess accurately the extent of anal sphincter damage in 3 perpendicular planes (axial, coronal, and sagittal). The coronal plane is the blind plane for 2D ultrasound [4] [5] [6] .
Obstetric trauma may contribute to fecal incontinence (FI) through sphincter damage, perineal descent, and pudendal nerve injury [7] [8] [9] [10] [11] . Internal and/or external sphincter damage is major causes of posttraumatic fecal incontinence [12, 13] . Previous studies showed that the extent of sphincter damage correlated with the severity of fecal incontinence [14, 15] what was opposed by other studies which showed that many patients with sphincter defects had no manifestations of fecal incontinence [16] and no correlation was found between the extent of sphincter damage and the severity of fecal incontinence [9-11, 17, 18 ].
The Aim of the Work
Based on the significant role of anal sphincters and puborectalis muscle in preserving anal continence, the current study aimed to evaluate and explain the consequences of different morphological abnormalities of anal sphincters including the 2 Advances in Radiology sphincter damage and its extent using the 3-dimensional endosonography.
Methodology
Referred 56 patients suffered from fecal incontinence to the radiology department of my institution following an obstetric trauma (20 patients), anorectal surgery (14 patients), anal dilation (3 patients), traffic accidents (3 patients), complex perianal fistula (3 patients), and unknown etiology (13 patients); the mean age was 35 years (range 20 to 70 years), they were 34 females and 22 males, and all were subject to the following.
Analysis of patient symptoms and scoring the severity of symptoms using a bowel function questionnaire modified from Jorge and Wexner and the score (0-20) assesses the presence of incontinence to flatus, fecal soiling, frank fecal incontinence, fecal urgency, and impact on daily activities. In each of the 5 categories, patients were asked to record a score of 0-4, with 0 representing no problem and 4 a severe problem. The scores from each category were added and a continence score (CS) was given, score of 1-4 denotes mild symptoms, a score of 5-9 denotes moderate symptoms, and a score >9 denotes severe symptoms [19] .
Digital Rectal Examination. For electromyography (EMG)
in which the electrical activity of external anal sphincter was measured during rest and squeeze in cases with suspected damage using concentric needle electrode, the electrode was inserted directly into the EAS guided with a needle and measurements were taken and interpreted from multiple sites (sphincter mapping) by experienced electromyographer at private center. Ultrasound exam was performed first and then correlated with the report of EMG comparing the sites of EAS damage by ultrasound and the sites of absent electrical activity in EMG report.
3D endoanal ultrasonography by experienced operator using 3D endoanal high frequency mechanical probe, Voluson 530D ultrasonography machine (Kretz technique, Austria): the patients were examined in left lateral decubitus position. The endoanal ultrasound probe was inserted into the anal canal. The 2-dimensional (2D) ultrasound exam was performed first taking multiple sequential axial scans to the whole circumference of anal canal from low to high canal levels followed by 3D volume scan to the region of interest and the suspected sphincter defect. Data were stored and analyzed in multiplanar image analysis and volume rendering.
The extent of sphincter defect was estimated in the 3 perpendicular planes and the thickness of internal and external anal sphincters was measured at 3 and 9 o' clock at midanal canal level.
Internal anal sphincter was seen as a band of hypoechogenicity of uniform thickness (2-3 mm) [20, 21] . External anal sphincter showed moderate echogenicity and a thickness ranging from 10 to 12 mm [22] .
An additional transvaginal 3D ultrasound examination using an endovaginal multifrequency probe (5 to 7 MHz) for female patients and transperineal ultrasound exam using a high frequency linear probe for all patients were performed for better assessment of the lesion. The extent of isolated internal and/or external sphincter defects was compared with the surgical results and was correlated with the severity score of FI symptoms.
Statistical Analysis of Data.
The collected data were organized, tabulated, and statistically analyzed using SPSS software statistical computer package version 19 (SPSS Inc., USA). The data were represented as number and percent; chi square ( 2 ) test was used as a test of significance. For interpretation of results of tests of significance, significance was adopted at < 0.05
Results
56 patients with FI were examined (Table 1) , 5 patients showed intact anal sphincters and puborectalis muscle ( 11 of 15 patients with external sphincter defects and 6 of 8 patients with combined external and internal sphincter defects that have undergone surgery and contact with the surgeons after surgery for the operative results revealed an excellent correlation between the operative findings and 3D ultrasonography, with respect to the site, the shape, and extent of the defects except for 1 case with an external sphincter defect in whom the size of the defect was underestimated and one case diagnosed as combined EAS and IAS defect and proved at surgery as an isolated EAS defect. There was complete agreement between the site of external sphincter defect and the EMG mapping results in loss of electrical activity at sites of the defects.
No significant relationship was observed between the extent of internal sphincter defects and the severity score of FI symptoms ( Table 2) as value = 0.135 (>0.05nonsignificant) or between the extent of the external sphincter defects and the severity score of FI symptoms (Table 3) as value = 0.242 (>0.05-nonsignificant). A significant relationship was observed between combined IAS and EAS defects and the severity score of FI symptoms (Table 4 ) as value = 0.010 (<0.05-significant).
A significant relationship was found between the anterior external sphincter injury in females and the severity of fecal incontinence as value = 0.020 (<0.05-significant). No significant relationship was observed between the thickness of IAS or EAS and the severity score of FI symptoms ( Table 5 ) as value = 0.307 (>0.05-nonsignificant).
Discussion
Internal anal sphincter is responsible for 70-80% of the resting anal pressure [23] and in the more recent study, 55% [24] , so it was expected that its damage leads to fecal incontinence at rest. Shafik [25] showed that the harm to the IAS leads to stress defecation. Also other studies emphasized the important purpose of IAS in maintaining fecal continence at rest [12, 26] . The current study showed that fragmentation and large IAS defects were associated with only mild FI. Nielsen et al. [27] demonstrated that serious damage to IAS after anal dilatation did not lead to fecal incontinence. Lateral sphincterotomy only leads to 1.3% incidence of FI and complete division of IAS may lead to FI in up to 30% of cases [28, 29] . Petros and Anderson [30] found that isolated variable size IAS defect in a group of 18 patients was minimally associated with FI.
So in spite of the fact that IAS is important in maintaining fecal continence, its damage leads to mild FI if any! That can be explained as the external anal sphincter can change its state of tone at rest and it is responsible for 15-20% of the resting anal pressure, which can increase to 40% during rectal distension with augmented function indicating the presence of dynamic rectoanal response [23, 31] . Voyvodic et al. [17] reported that full thickness external sphincter tear was associated with a significant reduction in the resting anal pressure, which is mainly preserved with IAS; also internal anal sphincter damage was associated with an increase in the electromyographic activity of external anal sphincter. This runs to a suggestion about a compensatory mechanism by the external anal sphincter during IAS damage. Barrett et al. [32] and Farouk et al. [33] demonstrated that damage to IAS can be compensated by the healthy external anal sphincter and puborectalis muscle, and weakness for either of these muscles in association with IAS damage makes FI manifest. The current study showed that large isolated external anal sphincter tear may lead to only mild FI. That can be explained as Shafik [25] reported that external anal sphincter was formed of 3 loops, each of them acts as a single sphincter and puborctalis muscle shares in the formation of upper loop, based on anatomical and physiological study. An injury to a single loop can be made up by the other loops to maintain voluntary continence, so to impair voluntary continence there should be an extensive injury to all three loops including the puborectalis muscle. Also 3-dimensional magnetic resonance imaging study of nulliparous women identified 3 separate portions of EAS with different fiber direction, suggesting a different biomechanical function of each portion [34] .
In malice of the significant role of puborectalis muscle in creating the anorectal angle during rest and squeeze and in preserving fecal continence [35, 36] , the current survey showed only mild minor incontinence observed in 2 cases of puborectalis injury. Also Chantarasorn et al. [37] reported that avulsion of puborectalis muscle may not lead to FI and Petros and Swash [38] revealed that it receives just mild symptoms. These findings suggest a compensatory mechanism by the external anal sphincter during squeeze which is able to create water and gas tight continence [25] , shared with the compensation offered by the IAS to maintain continence at rest.
The
Following to Be Considered. The high prevalence of associated nerve damage and sphincter defects in cases of FI after delivery [39] . The high prevalence of FI in cases with combined internal and external anal sphincter injury [40] matches with the current study. The association between motor nerve damage to the puborectalis muscle and pudendal nerve damage to the external anal sphincter among patients with idiopathic FI [39] . The association between reduced rectal compliance and diminished IAS tone is in another group of the idiopathic FI [41] . Also the efficacy of sphincter 6 Advances in Radiology repair is reduced to only 10% if associated nerve damage was present [40] .
All the aforementioned findings suggest that more than single factor is responsible for FI and the isolated sphincter injury cannot be responsible alone for manifested FI. Other etiological factors like associating nerve damage, old age, abnormal sphincteric thickness as thin internal sphincter in cases of anal hypertone, or thick internal sphincter observed with old age or with obstructed defecation, injury to the puborectalis muscle and combined sphincter injury should be looking for before an attempt of surgical repair.
Old age is regarded as a factor as with increasing age IAS thickness and EAS becomes thinner and weak [21] . Sex is probably a factor as EAS is larger in males than in females regarding the muscle bulk and length; likewise the maximum squeeze pressure in females is significantly lower than males [42] . That implies that old female in the presence of sphincter damage is more liable to manifest FI than an old male.
Limitations of the Study.
The number of cases with abnormal sphincter thickness and with puborectalis muscle injuries should be increased to be correlated with the severity of FI.
Rectal sensation and stool consistency are two factors that influence the fecal continence and were not considered as an associated factor that can change the severity of FI in patients with abnormal sphincter morphology.
When assessing the severity of fecal incontinence data about the influence of FI on the patient quality of life were not sufficiently supplied and are recommended in further studies.
During evaluation of patients with perianal fistulas, the concomitant painful abscess might have presented an obstacle to an efficient muscle contraction.
Conclusion
No significant relationship was observed between sphincter damage except for combined internal and external sphincter injury, an injury to the anterior aspect of external sphincter in females, and the severity score of FI symptoms. Puborectalis muscle injury and abnormal sphincter thickness are unlikely causes of severe FI.
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